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Background: Based on findings primarily using self-report measures, physical activity has been recommended to
reduce disability in old age. Collecting objective measures of total daily physical activity in community-dwelling
older adults is uncommon, but might enhance the understanding of the relationship of physical activity and
disability. We examined whether greater total daily physical activity was associated with less report of disability in
the elderly.
Methods: Data were from the Rush Memory and Aging Project, a longitudinal prospective cohort study of
common, age-related, chronic conditions. Total daily physical activity was measured in community-dwelling
participants with an average age of 82 using actigraphy for approximately 9 days. Disability was measured via
self-reported basic activities of daily living (ADL). The odds ratio and 95% Confidence Interval (CI) were determined
for the baseline association of total daily physical activity and ADL disability using a logistic regression model
adjusted for age, education level, gender and self-report physical activity. In participants without initial report of
ADL disability, the hazard ratio and 95% CI were determined for the relationship of baseline total daily physical
activity and the development of ADL disability using a discrete time Cox proportional hazard model adjusted for
demographics and self-report physical activity.
Results: In 870 participants, the mean total daily physical activity was 2. 9 × 105 counts/day (range in 105 counts/
day = 0.16, 13. 6) and the mean hours/week of self-reported physical activity was 3.2 (SD = 3.6). At baseline, 718
(82.5%) participants reported being independent in all ADLs. At baseline, total daily physical activity was protective
against disability (OR per 105 counts/day difference = 0.55; 95% CI = 0.47, 0.65). Of the participants without baseline
disability, 584 were followed for 3.4 years on average. Each 105 counts/day additional total daily physical activity
was associated with reduced hazard of developing disability by 25% (HR = 0.75, 95% CI = 0.66, 0.84). The results
were unchanged after controlling for important covariates including cognition, depressive symptoms, and chronic
health conditions.
Conclusions: Greater total daily physical activity is independently associated with less disability even after
controlling for self-reported physical activity.
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Maintaining functional independence with aging is an
important public health priority. In Healthy People
2020 [1], reduction by 10-percentage points of older
Americans reporting moderate to severe functional
limitation over the next decade is listed as a national
goal. For this goal, moderate to severe functional limi-
tation is defined as reporting difficulty in performing at
least one basic activity of daily living (ADL) [2]. While
almost 30% of adults 65 years and older reported func-
tional dependence, the prevalence increases from about
20% in persons between 65 and 74 to over 55% in per-
sons over age 85 [3]. During the last few decades, the
prevalence of functional independence in older persons
has increased [4,5]. As more Americans are living into
their eighties, though, the absolute number of older
Americans reporting functional limitations may in-
crease [6].
Using the best available scientific evidence [7,8], public
health messages from the Centers for Disease Control
[9] and the National Institute on Aging [10] encourage
older persons to increase physical activity levels in order
to maintain functional independence. However, there are
some important gaps in the scientific underpinnings
of these public health messages. First, there is a pau-
city of longitudinal studies examining the association
of physical activity and development of disability in
community-dwelling persons over the age of 80 [11].
Second, a recent critical appraisal [12] highlighted in-
consistencies in the evidence regarding increased late-
life physical activity and disability. Most [13-15], but not
all [16], longitudinal studies of community-dwelling,
older adults have shown an association. One reason that
these studies may have produced mixed results is the
use of self-report measures of physical activity. In older
persons, self-report measures may be affected by recall
bias due to cognitive function changes and may not
capture the full extent of movement throughout the
course of a day.
Due to the potential limitations of self-report physical
activity in community-dwelling cohorts over the age of
80, researchers have focused on utilizing performance-
based measures. Portable actigraphy offers the recording,
storage, and analysis of motion measured by acceler-
ometers in community-dwelling persons. As a result, ob-
jective measures of total daily physical activity over the
course of a week or more can be determined in a cost-
effective and efficient manner [17]. While actigraphy has
been applied in population studies of physical activity in
younger adults [18,19], these studies have not included
participants over the age of 80.
In the Rush Memory and Aging Project [20], an on-
going, longitudinal investigation of common chronic
conditions of old age, portable actigraphy data werecollected in a large group of community-based older
persons with an average age over 80 years. Total daily
physical activity, which includes both exercise and non-
exercise activities, was quantified. In addition, disability
evaluations were conducted annually for up to
five years. Persons reporting any limitations on any of
the ADLs were deemed to have disability. We tested
the hypotheses that greater total daily physical activity
was associated with less prevalent disability and with a
lower incidence of ADL disability. As prior work in this
cohort showed that greater self-report of hours of
physical activity per week was associated with a lower
hazard of developing ADL disability in the future [21],
we also examined if greater total daily physical activity
still was associated with low probability of report of




All participants were older, community-dwelling indi-
viduals in the Rush Memory and Aging Project [20].
Participants were recruited from about 40 continuing
care retirement communities in the Chicago, Illinois
vicinity along with churches and social service agen-
cies (see “Acknowledgments”). Participants agreed to
annual clinical evaluations and brain donation at the
time of death. The study was approved by the Institu-
tional Review Board of Rush University Medical Center.
Written informed consent was obtained from all study
participants.
The Rush Memory and Aging Project began in 1997.
The study is still ongoing with rolling enrolment. As of
January 2011, 1332 participants (75.6% living in continu-
ing care retirement communities and the remainder in
private residences) had completed an initial evaluation,
of which 892 were enrolled following addition of actigra-
phy 5.2 years earlier. Of participants with actigraphy,
870 (97.5%) had a concurrent assessment of disability. In
these analyses, the first evaluation with an assessment of
functional independence along with actigraphy data was
defined as baseline.
Assessment of disability
A modified version of the Katz Index was used to
measure independence with basic ADLs [22]. Partici-
pants reported whether they needed (1) no help, (2)
help, or (3) were unable to do each of six activities:
bathing, dressing, feeding, toileting, transferring, and
walking across a small room. The number of activities
participants reported as needing help or unable to
perform was calculated for each evaluation. Disability
was defined as being dependent in at least one basic
ADL.
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All Rush Memory and Aging Project participants were
eligible to participate in the collection of actigraphy data
as long as they agreed to wearing an Actical© (Mini Mitter,
Bend, OR), a device with a piezo-electric accelerometer.
Participants were instructed to wear the actigraphy device
continuously without taking it off. The non-dominant
wrist was chosen as the application site to facilitate
participants’ ability to wear the device throughout the
measurement period. Actical© retrieval was scheduled for
10 days later but could vary depending on participant
availability. Upon retrieval of the actigraph, raw data were
downloaded and viewed using software provided by
Respironics, Inc (Bend, OR) to confirm if recording fail-
ures had occurred. Data then were partitioned into 24 hour
periods from the time of placement to the time of re-
trieval, and only data from complete 24 hours periods
were used to determine average total daily physical
activity. Actical© measures do not directly correspond to
observed movements but are proportional to the degree
and intensity of movements as reflected in recorded activ-
ity curves. Activity counts represent the area calculated
by integrating the activity curve for each 1-second
sample, where non-zero values reflected activity. Ac-
tivity counts are summed for each epoch (15 second).
Total daily physical activity was the mean sum of all
24-hour activity counts [23].
Self-report physical activity
Using questions adapted from the 1985 National Health
Interview Survey, self-report physical activity was
assessed [24]. Participants were asked if they had
engaged in any of five activities (exercise, gardening or
yard work, calisthenics or general exercise, bicycle rid-
ing, and swimming or water exercise) within the previ-
ous two weeks. Using the number of occasions for each
reported activity per week and the average number of
minutes per occasion, the minutes spent engaged in each
activity were summed and divided by 120 to yield a
composite measure of participation in physical activity
expressed as hours per week [25].
Covariates
Participants were asked for demographic information in-
cluding date of birth, sex, and highest number of years
of education completed. Other covariates included glo-
bal cognitive function, dementia diagnosis, vascular risk
factors and vascular disease burden, joint pain, body
mass index, and depressive symptoms. Cognitive func-
tion was assessed using a battery of 19 tests which were
used to create a composite measure of global cognition
as described elsewhere [20]. Dementia was diagnosed in
a three-step process. Cognitive testing was scored by
computer and reviewed by a neuropsychologist todiagnose cognitive impairment. Participants then were
evaluated by a clinician who used all cognitive and clin-
ical data to diagnose AD using the NINDS-ADRDA cri-
teria [26]. Utilizing self-report questions, clinical
examination, and medication inspection, summary
scores for each individual’s vascular risk burden (i.e., the
number out of the 3 risk factors diabetes mellitus, hyper-
tension, and smoking reported) and vascular disease
burden (i.e., the number out of the 4 vascular diagnoses
claudication, congestive heart failure, heart attack, and
stroke) were computed, as previously described [27].
Participants were asked whether they had experienced
persistent joint pain in the previous month [28]. Body
mass index was calculated by dividing measured weight
in kilograms by measured height in meters squared [29].
Number of depressive symptoms experienced in the
prior week was assessed using a 10-item version of the
Center for Epidemiologic Studies Depression Scale [30].
Statistical analysis
Statistical programming was done in SAS, Version 9.2
(SAS Institute, Inc., Cary, NC). t-tests (with Sat-
terthwaite adjustments for unequal variances, when ap-
propriate) and nonparametric tests (as appropriate) were
used to compare the baseline characteristics of partici-
pants with total daily physical activity. Then, the cross-
sectional association between total daily physical activity
and prevalent disability at baseline was examined using a
logistic regression model adjusted for age, education, sex
and subsequently was repeated by limiting the cohort to
participants age 80 and older at baseline. Then, the ini-
tial model was repeated five times with the addition of
terms for global cognitive function, vascular risk factors
and vascular disease, joint pain, body mass index, and
depressive symptoms. Next, the initial model was
repeated with a term for self-reported physical activity in
addition to a term for total daily physical activity. In
order to examine the relationship with total daily phys-
ical activity and incident disability, discrete time propor-
tional hazards models [31] of the time to first report of
disability were adjusted for age, sex, and education and
then repeated by limiting the cohort to participants age
80 and older at baseline. Subsequent models added the
demographic and clinical covariates in the order
described for the logistic regression models. Finally, the
initial proportional hazards model was repeated after ex-
cluding participants with a diagnosis of dementia at base-
line. Given multiple comparisons, significant p-values
were set at a value of 0.01.
Results
Baseline participant characteristics
There were 870 participants with valid concurrent Acti-
cal© and ADL measures (mean age 81.9 years (SD = 7.2),
Shah et al. BMC Geriatrics 2012, 12:63 Page 4 of 8
http://www.biomedcentral.com/1471-2318/12/6373% women, and mean education 14.8 years (SD = 3.0)).
Of the 870 participants, 569 (65%) were greater than or
equal to 80 years of age and 155 (18%) had a self-report
of physical activity equal to zero hours/week. Total daily
physical activity counts/day were based on readings from
a mean of 9.3 days (SD = 1.1). Total daily physical activity
ranged widely from 0.16 × 105 counts/day to 13.6 ×105
counts/day (mean = 2.9 × 105 counts/day; SD = 1.6 ×
105 counts/day). The distribution of total daily physical
activity was positively skewed (skewness = 1.2). At base-
line, higher total daily physical activity was associated
with younger age, a lower total score for report of ADL
disability, more self-reported hours of physical activity
per week, better cognitive performance, fewer reports of
vascular disease risk factors, fewer reports of vascular
diseases, and fewer depressive symptoms (Table 1).
In order to confirm that total daily physical activity
did not completely overlap with ADL disability report,
we determined the correlation coefficient of the two
variables in persons with self-report of no physical activ-
ity (n = 155). The mean level of total daily physical activ-
ity for persons reporting no physical activity was 2.5 ×
105 (SD = 1.5) counts/day. The correlation between each
105 activity counts/day in total daily physical activity and
total score on the ADL disability scale was 15%, showing
some but not complete overlap.Total daily physical activity and prevalent disability
Of the 870 participants with baseline actigraphy and
concurrent ADL assessment, 718 (82.5%) reported func-
tional independence. In a logistic regression model
adjusted for age, education, and sex, with the report of
dependence on any ADL as the outcome, the odds ratio
for each additional 105 counts/day of total daily physical
activity was 0.55 (95% CI = 0.47, 0.65), so that greater
total daily physical activity was associated with lowerTable 1 Participant characteristics and correlation with total
Baseline characteristic
Age, mean (SD), years
Women, Number (%)
Education, mean (SD), years
Activity of Daily Living score, mean (SD), out of 6
Reported Physical Activity, mean (SD), hours per week
Global Cognition, mean (SD), z-score
Number of vascular risk factors, mean (SD), out of 3
Number of vascular diseases, mean (SD), out of 4
Report of joint pain, Number (%)
Body Mass Index, mean (SD), kg/m^2
Depressive symptoms, mean (SD), out of 10
SD=standard deviation.likelihood of reporting disability. When limiting the pri-
mary analysis to the 569 participants age 80 or over at
baseline, the odds ratio for prevalent disability per 105
activity/counts per day was 0.50 (95% CI = 0.41, 0.62).
The association for total daily activity and disability was
unchanged when adding global cognitive function (OR =
0.61; 95% CI = 0.52, 0.72). The association was not
affected by the presence of vascular risk factors and dis-
eases, body mass index, joint pain, and depressive symp-
toms (data not shown). Then, the initial model was
repeated adding a variable representing hours/week of
physical activity to determine if total daily activity pro-
vided additional information to self-report physical ac-
tivity. Greater activity with each measure was associated
with lower likelihood of disability (OR per 105 counts/
day difference in total daily activity = 0.60, 95% CI =
0.50, 0.70; OR per hour/week difference in self-reported
physical activity = 0.89; 95% CI = 0.82, 0.96).Total daily physical activity and incident disability
To examine the association between total daily physical
activity and the development of disability, we looked at
all persons at risk for incident disability who were fol-
lowed longitudinally. Of the 718 participants without
baseline disability, 134 did not have at least one annual
follow-up evaluation of disability (12 died, 107 had not
reached their initial follow-up visit at the time of these
analyses, and 15 did not have an additional measure of
ADL on follow-up) and were excluded from the longitu-
dinal analyses. Of the remaining 584 participants (81.3%
of 718), 182 persons (31.2% of 584) reported dependence
for at least one ADL during the course of follow-up.
Baseline characteristics between participants developing
disability and participants not developing disability are
compared in Table 2 and 66% of the participants were
80 years of age or older. Total daily physical activitydaily physical activity
Value (n = 870) Spearman correlation with
total daily physical activity
81.9 (7.3) −0.26, p < 0.001
349 (73.2) −0.06, p = 0.104
14.8 (3.0) −0.03, p = 0.40
0.4 (1.1) −0.28, p < 0.001
3.20 (3.57) 0.25, p < 0.001
0.05 (0.68) 0.23, p < 0.001
1.24 (0.83) −0.12, p < 0.001
0.47 (0.77) −0.21, p < 0.001
168 (36.6%) −0.06, p = 0.09
27.0 (5.3) −0.08, p = 0.03
1.18 (1.75) −0.13, p < 0.001
Table 2 Participant characteristics by incident disability*
Baseline characteristic Developed disability p-value**
Yes No
(n = 182) (n = 402)
Age, mean (SD), years 84.1 (5.7); 80.7 (7.2); t581= −5.75, p < 0.001
Women, Number (%) 147 (80.8) 290 (72.1) χ12= 4.8, p = 0.03
Education, mean (SD), years 14.2 (2.8) 15.0 (2.9) t581= 3.33, p < 0.001
Total Daily Physical Activity, mean (SD), 105 counts/day 2.7 (1.4) 3.2 (1.5) t581= 4.07, p < 0.001
Reported Physical Activity, mean (SD), hours per week 2.49 (3.14) 3.69 (3.83) t579= 3.68, p < 0.001
Global Cognition, mean (SD), z-score −0.13 (0.69) 0.22 (0.61) t580= 6.15, p < 0.001
Number of vascular risk factors, mean (SD), out of 3 1.21 (0.78) 1.18 (0.82) t580= −0.35, p = 0.7
Number of vascular diseases, mean (SD), out of 4 0.54 (0.80) 0.38 (0.67) t580= −2.58, p = 0.01
Report of joint pain, Number (%) 78 (42.9%) 120 (29.9%) χ12= 9.63, p = 0.002
Body Mass Index, mean (SD), kg/m^2 27.6 (5.7) 26.3 (4.6) t530= −2.80, p = 0.005
Depressive symptoms, mean (SD), out of 10 1.43 (1.75) 0.88 (1.52) t580= −3.79, p < 0.001
Follow-Up Time, mean (SD), years 3.7 (1.0) 3.3 (1.3) t581= −3.52, p < 0.001
* Disability defined by report of not being able to independently perform at least one basic activity of daily living.
** Statistical significance based on t tests or chi-square tests, as appropriate.
SD = standard deviation.
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9.2 days (SD = 1.1). Mean total daily physical activity of
the 584 participants was 3.1 × 105 counts/day (SD =
1.5 × 105 counts/day). Over the course of a maximum
5.2 years of follow-up, participants underwent a mean of
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Figure 1 Total daily physical activity and incident disability. The cumu
function of time in study from a discrete time proportional hazards model
(82 year-old woman with 14.8 years of education) with a total daily physica
by the solid curve and for an average participant with a total daily physica
by the dashed curve.In a discrete time proportional hazards model adjusted
for age, sex, and education, the hazard of developing dis-
ability was 25% less for each additional 105 counts/day
of total daily physical activity (HR = 0.75, 95% CI = 0.66,
0.84). As depicted in Figure 1, the hazard of developing




lative hazard of developing an activities of daily living disability as a
adjusted for age, sex, and education level for an average participant
l activity level in the 10th percentile (1.0 × 105 counts/day) as depicted
l activity level in the 90th percentile (4.7 × 105counts/day) as depicted
Table 4 Relationship of total daily physical activity with
incident disability*
Incident disability
Hazard ratio (95% Confidence interval)
Variable Model A Model B
Total daily physical activity 0.75 (0.66, 0.84) 0.77 (0.68, 0.87)
Self-report physical activity 0.94 (0.88, 0.99)
*From discrete time proportional hazard models adjusted for age, sex, and
education where incident disability is measured as years to first report of not
being independent in at least one basic activity of daily living.
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education) who had low (10th percentile or total daily
physical activity of 1.0 × 105 counts/day) when compared
to a participant who had high total daily physical activity
of (90th percentile or total daily physical activity of 4.7 ×
105counts/day). When limiting the analysis to the 384
participants age 80 or over at baseline, the hazard ratio
for developing disability was 0.78 (95% CI = 0.68, 0.90).
Then, we repeated the initial model controlling for
baseline global cognitive function followed by four
additional models controlling for vascular risk factors
and vascular disease burden, joint pain, body mass
index, and depressive symptoms. The association be-
tween total daily physical activity and development of
disability was unchanged in all analyses (see Table 3).
After excluding individuals with baseline dementia (n = 40),
the hazard of developing disability for each additional
105 counts/day of total daily physical activity was 0.74 (95%
CI = 0.67, 0.88).
Finally, we repeated our model controlling for self-
report physical activity in order to determine if greater
total daily physical activity continued to be independ-
ently associated with a lower hazard of developing dis-
ability. As shown in Table 4 (Model B), both total daily
physical activity and self-report physical activity were in-
dependent predictors of lower hazard for report of inci-
dent disability.Discussion
In a large cohort of community-based older persons,
greater total daily physical activity was associated with
less report of disability at baseline and longitudinally,
including in persons age 80 and older. The results were
unchanged after adjusting for a wide variety of poten-
tial confounding variables including global cognitive
function, vascular risk and disease burden, joint pain,
body mass index, and depressive symptoms. In addition,
the exclusion of persons with baseline dementia did not
alter the results. Total daily physical activity remainedTable 3 Total daily physical activity and incident disability co
Haza
Variable Model A Model B







*From discrete time proportional hazard models adjusted for age, sex, and educatio
independent in at least one basic activity of daily living.associated with functional independence even after con-
trolling for self-reported physical activities. These ana-
lyses support the link between total daily physical
activity and disability and suggest an active lifestyle in-
cluding high levels of not only exercise but also non-
exercise physical activity may contribute to the mainten-
ance of independence even in very old adults.
Our study of Rush Memory and Aging Project partici-
pants enhances the prior understanding of late-life phys-
ical activity and disability in three important ways. First,
our study shows actigraphy measures can be obtained in
community-dwelling older persons, including persons
over age 80. As prior studies mainly reported the feasi-
bility of actigraphy in children and middle-aged adults
[18,19], extending the range to persons over the age of
80 points to actigraphy being a useful performance-
based measure of activity throughout the lifespan.
Second, we also were able to show that total daily
physical activity is a predictor of developing ADL dis-
ability, including persons aged 80 years and older. While
prevention of ADL disability is a public health target for
maintaining healthy populations, achieving a 10% reduc-
tion in disability in a decade [1] requires focused efforts
on populations at high risk for developing disability such
as persons over the age of 80. Public health efforts to en-
courage higher levels of total daily physical activity in
this group may be useful especially since total daily
physical activity remained a predictor even after control-
ling for other common age-related conditions associatedntrolling for covariates*
rd for developing disability (95% CI)





n where incident disability is measured as years to first report of not being
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Prior work in the Rush Memory and Aging Project has
highlighted the relationship between total daily physical
activity and cognitive function [23], and cognitive de-
cline is predictor of disability in older persons. Our
study highlights that the association between total daily
physical activity and disability is not completely
explained by level of cognitive function and identifies
the need for further studies to examine the mechanism
by which greater total daily activity is associated with
less disability.
Third, we were able to show that total daily physical
activity and self-report physical activity provided separ-
ate and complementary predictive information for devel-
oping disability by measuring non-overlapping facets of
physical activity in older adults. Why total daily physical
activity and self-report physical activity provide comple-
mentary information requires further inquiry. Self-report
of physical activity over an extended period may be
highly influenced by level of physical activity in the last
24 hours and may capture intermittent intensity of phys-
ical activity. Total daily physical activity assessed con-
tinuously over multiple days incorporates all physical
activity and may capture the mean levels for physical ac-
tivity over the entire measurement period. Accumulating
evidence in young and middle age individuals suggests
that any movement (goal-directed or non-goal directed)
may have important health outcomes [32] by increasing
total daily energy expenditure [33]. The results of this
study extend the prior findings in younger persons to
the oldest of the old. Older persons, for whom participa-
tion in formal exercise may be constrained because of
underlying health problems, may nonetheless benefit
from increases in their levels of non-exercise physical
activities.
Given that actigraphy is inexpensive and portable, total
daily physical activity may be a useful method for clinic-
ally titrating physical activity interventions in older
adults at risk for developing ADL disability. In our ana-
lysis, about 1 in 6 older persons without initial disability
had no self-reported physical activity and their mean
total daily physical activity level was 2.5 × 105 counts/
day. This information can be used to define a clinically
useful two-step screening and intervention algorithm. In
the first step, self-report physical activity may be utilized
to quickly screen older adults without disability but at
higher risk for developing disability. As self-report phys-
ical activity has limitations including recall bias, older
persons with no self-report physical activity then can
undergo measurement of total daily physical activity. If
total daily physical activity is less than 2.5 × 105 counts/
day, more efforts can be made to encourage increasing
total daily physical activity. Based on the current study
findings, an increase in level of total daily physicalactivity from 2.5 × 105 counts/day to 3.0 × 105 counts/
day (50th percentile) could potentially result in a 14% re-
duction in hazard of developing ADL disability. Whether
an increased in total daily physical activity is achieved
can be monitored using actigraphy. While possible, such
an evaluation and intervention algorithm in clinical set-
tings requires further validation.
This study has several strengths. First, concomitant
measures of total daily physical activity by actigraphy
and a self-report measure of physical activity were avail-
able in a large cohort of community-based persons with
a high rate of follow-up participation. Second, detailed
cognitive function data enabled us to examine the effect
of global cognition and dementia on the relation be-
tween physical activity and disability. Third, we were
able to examine the association of total daily physical ac-
tivity and disability in an older community-dwelling co-
hort. This study also has limitations including the use of
a volunteer cohort. Second, total daily physical activity
as measured by actigraphy does not classify the types of
activities performed. Finally, the high education level of
participants may limit the generalizability of the results
to persons with less than 12 years of formal schooling.
Conclusions
To our knowledge, there are no prior longitudinal stud-
ies using actigraphy as a performance-based method of
assessing the relationship between late-life physical ac-
tivity and disability in community-dwelling older per-
sons. Our study points to performance-based assessment
of total daily activity adding value by providing informa-
tion complementary to self-report of physical activity
while not being affected by recall biases associated with
self-report in older persons at risk for cognitive decline.
In the public health effort to delay disability in old age,
total daily physical activity may be an important factor.
Emphasis on a more active lifestyle with non-exercise
activities along with exercise activities in public health
messaging to persons over age 80 may be important, es-
pecially if our study results are replicated in other on-
going longitudinal cohort studies of older adults [17].
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